A 67-year-old female with Hodgkin's disease was treated with radiation therapy at age 17, had chronic lymphocytic leukemia, breast cancer status post-bilateral mastectomies in 2000, partial nephrectomy, chronic kidney disease, deep venous thrombosis, pulmonary emboli on chronic anticoagulation, radiation-induced valvular heart disease, prior aortic valve replacement with a 21 mm Hancock II valve in 2009, pacemaker placement, chronic obstructive pulmonary disease on home oxygen therapy and moderate non-obstructive single vessel coronary artery disease with 60% stenosis of mid left anterior descending artery. She presented with symptomatic severe mitral stenosis and severe mitral annular calcification (MAC). She was New York Heart Association (NYHA) class III heart failure and transthoracic echocardiogram showed a mitral valve area of 1.2 cm 2 with a mean mitral gradient of 11 mmHg. Although her Society of Thoracic Surgery predicted risk of mortality score for reoperation for mitral valve replacement alone was 6.49%, she was considered to have extreme surgical risk due to her multiple medical comorbidities, porcelain aorta, hostile chest and the presence of severe MAC. She was referred for possible transcatheter mitral valve replacement (TMVR).
Pre-procedural planning
A cardiac computed tomography (CT) TMVR protocol was obtained as per routine in the evaluation of these patients. She was found to have high risk of TMVRinduced left ventricular outflow tract (LVOT) obstruction. Her mitral annular area was 680 mm 2 and using a 29 mm virtual SAPIEN 3 valve, the predicted Neo-LVOT area was 138 mm 2 , which is considered high risk for LVOT obstruction. For that reason, and considering she had favorable anatomy for alcohol septal ablation, the structural heart disease team decided to recommend alcohol septal ablation 3 to 4 weeks prior to TMVR to decrease the risk of TMVR-induced LVOT obstruction. She underwent uneventful alcohol septal ablation with 1 mL of dehydrated alcohol injected in the first septal perforator branch over 5 min. Repeat cardiac CT 3 weeks after alcohol septal ablation showed favorable remodeling of the basal septum with a new predicted Neo-LVOT area of 217 mm 2 . The decision was to proceed with transeptal TMVR in MAC.
Procedural technique
The TMVR procedure was performed in the cardiac catheterization laboratory under general anesthesia and transesophageal echocardiogram (TEE Fr pigtail catheter and a J wire through the Dexterity sheath. The J wire is left inside the pigtail to provide support but it is not used to cross the valve with wire alone. The intention is to avoid wire entanglement through chordae, such risk is lower when crossing the valve with the pigtail catheter itself. Once the pigtail is in the left ventricle, a 0.035 extra small Safari wire (Boston Scientific, Marlborough, MA, USA) was introduced in the left ventricle and positioned at the apex. The pigtail catheter was removed and a 14 mm Tyshak balloon was introduced to perform septostomy. After septostomy is completed, the partially inflated Tyshak balloon was advanced across the mitral valve to "floss" to test the trajectory and freedom from chordae in the subvalvular apparatus. The balloon was removed and a 29 mm SAPIEN 3 valve (Edwards Lifesciences, Irvine, CA, USA) prepared with 5 mL of additional contrast was introduced in the IVC. The SAPIEN 3 valve must be mounted with the sealing skirt towards the left atrium and the open cells towards the left ventricle. Valve alignment over the balloon delivery system is performed as is done for TAVR in the AP projection with cranial angulation if needed to remove parallax to visualize stent frame in long axis. Then, the delivery system may be rotated counterclockwise 90 to 180 degrees over its own axis to have the Edwards logo facing the operator or facing down. This facilitates flexing the Edwards system towards the mitral valve in the opposite direction as is done for TAVR. The system is then advanced slowly across the interatrial septum and the mitral valve. If the system cannot be advanced across the mitral valve because the pusher cannot cross the interatrial septum, the pusher can be unlocked and the balloon delivery system advanced across the mitral valve independent of the pusher (i.e., telescoping). Once the system is across the mitral valve, the flex tube/pusher is unlocked and pulled back until it meets the most distal of the 3 radio-opaque markers in the delivery system. Pulling more than that may result in the flex tube pulled back to the right atrium which would not be helpful and may decrease the operator's ability to push and advance the system during deployment. The fluoroscopy C-arm is then positioned in the pre-determined deployment angle. If the landing zone of the ventricular edge of the stent has been determined by CT analysis, i.e., by finding a piece of calcium or other radio-opaque marker, the ventricular edge of the stent is placed at such landing zone. The valve is then deployed slowly under rapid pacing (140 to 180 bpm). A slow deployment facilitates adjustment of position if needed. Once deployed, the balloon is deflated and pulled back into the left atrium and the performance of the mitral prosthesis is evaluated by TEE.
There was no LVOT obstruction detected by TEE or hemodynamic catheterization measurements. Moderate to severe paravalvular leak (PVL) was noted on TEE at the commissures, which was anticipated based on large intercommissural diameter by cardiac CT of 34.7 mm. The decision was to proceed with PVL closure. The PVL defect was crossed with a wire but we were unable to cross with catheter to deliver a closure device. Therefore, the decision was to perform balloon post-dilatation with the same Edwards balloon adding additional contrast volume. Post-dilatation with 3 additional mL of contrast (total 8 mL additional) resulted in partial improvement of the leak. Additional post-dilatation with 2 more mL of contrast (total 10 additional mL) reduced the PVL to moderate. The balloon catheter and sheaths were removed. Hemostasis was achieved in the right femoral vein with the previously placed Perclose suture, in the left femoral artery with Angioseal closure device and the left femoral vein with manual pressure. Intra-procedural TEE at end of the procedure showed moderate PVL, a mean mitral gradient of 1 mmHg and no LVOT obstruction. Transthoracic echocardiogram the following day showed mean mitral gradient of 2 mmHg, mean LVOT gradient of 3 mmHg, trace central mitral regurgitation and trace PVL. At 30-day follow-up, the patient reported significant improvement of symptoms, tolerating cardiac rehabilitation therapy without dyspnea on exertion (NYHA I). Transthoracic echocardiogram at 30 days showed preserved left ventricular ejection fraction, trace to mild PVL, mean mitral gradient of 5 mmHg and mean LVOT gradient of 2 mmHg.
Comments
Transcatheter mitral valve replacement with balloonexpandable valves in patients with severe MAC is associated with high risk of LVOT obstruction (1) . Percutaneous alcohol septal ablation has been used as a bail-out strategy to reduce LVOT gradient when severe LVOT obstruction with hemodynamic compromise occurs after transseptal TMVR (2,3) . However, prevention of LVOT obstruction is preferred and highly recommended to improve outcomes. Operators can identify patients at high risk of LVOT obstruction by evaluating the neo-LVOT area on cardiac CT analysis. The threshold neo-LVOT area at which obstruction occurs is not well understood at this time.
One study found that a neo-LVOT area of 189 mm 2 on cardiac CT or smaller was associated with LVOT gradients by cardiac catheterization (4). Patients with neo-LVOT areas of 189 mm 2 , or smaller, may benefit from LVOT obstruction risk reduction strategy. One option to reduce LVOT obstruction risk is to surgically remove the anterior leaflet during open transatrial TMVR (5). However, not all patients are good candidates for such an invasive option. Percutaneous laceration of the anterior leaflet is another alternative (6) , but the procedure is challenging and may not always be effective. Preemptive alcohol septal ablation performed 3 to 4 weeks prior to TMVR has been successfully used to reduce the risk of LVOT obstruction in patients with adequate anatomy (7). Although this option is not free of risk, we have found reproducible results that facilitate safe transeptal TMVR as demonstrated in this case.
Advantages
The main advantage is that alcohol ablation is a procedure many interventional cardiologists are familiar with it and it can be performed without additional extensive training or special equipment.
Caveats
The most important caveat is that patients require two separate procedures, one for alcohol ablation and the second one for TMVR weeks later. Not all patients are stable enough to wait this period of time. In addition, not all patients have favorable anatomy. Furthermore, alcohol septal ablation carries its own risk and may not always be effective at increasing neo-LVOT area enough to allow safe TMVR.
Conclusions
Percutaneous alcohol septal ablation allows safe transeptal TMVR with balloon-expandable valves in selected patients with severe MAC who have high risk of TMVR-induced LVOT obstruction.
